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Standard Practice for

Evaluation of Air Assay Media by the Monodisperse Dop
(Dioctyl Phthalate) Smoke Test?

L) . *
This standard {5 issucd under the fixed designation D 2986; the number immediately following the designation indicates the year of
original adoption or, in the case-of revision, the year of fast fevision. A number in parcntheses indicates the year of ast respproval, A
superscript epsifon (e) indicates an editorial change since the last revision or reapproval,

"~

1. Scope 3.1.3 For other definitions of term$Aised in this method,
L.1 The dioctyl phthalate (DOP) smoke test is a highly  refer to Terminology D 1356,

sensitive and reliable technique for measuring the fine 4. Sum of Practice

particle arresting-efficien, of an air or gas cleani m * mary g L

or device, It is especiauycl{sem for cvalu?sﬁng menc%ﬁz:t:cy 41 A monodispersed aerosol of‘ 0.3-pm diameter is con-

of depth filters, membrane filters, and other particle-col. tinuously generated by condensation of DOP vapor under

lecting devices used in air assay work. controlled egndmong. By se.le'ctxve value an'angemegt, a
1.2 The technique was developed by the U.S. Govern.  mefered portion of this acrosol is drawn through a specimen

ment during World War I1.2 Hs validity for use i Fyalvation  mount containing the item under test. Flow rate through the

of air sampling media has been well demonstrated 3 Specimen is adjustable and the corresponding flow resistance
13 Althoughalittlelatimdeispermism‘bleinmeassoci- ISHON“PMONMM. . .

ated equipment and in the operation method, experience has .42 With acrosol generation stabilized (constant particle

ghown the desirability of operating within established design ~ size and meenmﬂon), ae;fosol conceatration is measured

oy This standard does ot purpors 1o address all of the S Apparatus . ,
Safely problems, if any, associated with Its use. It is the 3-1 Equipment for use with this technique consists of
responsiblllty of the user of this standard 1 establish appro-  scveral interoperational parts. Thess are indicated in proper
brialé sqfety and health practices and determine the applicg-  relative o rangement by the diagrammatic sketch, Fig 1.In

bility of regulatory limitations rior (o use, Fig. 1, the letter designations refer to the same parts as
Y o regul 7 ~described in the immediately following subsections:

2. Referenced Document 3.2 Air Supply Source (8)—This can be a blower as shown

2.1 ASTM Standard: diagramxpaﬁcally or a compressed air source with stepdown

D 1356 Termist;ology Relating to Atmospheric Sampling ~ ™°8lator. In i S2sc, the air supply source must be clean,
and Analysi '

3. Terminology - ' conductor lines to the excess arosol exhaust point.

3.1 Definitions: . 3.3 DOP Aerosol Generator (b)—The generator is de-

3.1.1 dioceyt Phthalate (DOP)Y—for the purpose of this (s;%ned tg, produce uniform size hqu}d droplet partzxgles of
method, refers to di-2-cthylhexyl phthalate, technical grade.$ -#tm diameter at 3 concentration o aboqt 190 £ 20 ug/L

3.1.2 owl—an optical instrument for visyal measurement  Of Air. Further description of the generator is given in 7.3,
of the particle diameter of the monodisperse aerosol 34 Aging C71amb.er (c)—This is simply & large vesscl

) (usually about 20 L in volume) wherein some dwell time is

. provided to ?ermit stabilization of the aerosol, ‘
! This practice Is the Jurisdicy M 3.5 Sample Holder (d)—Size and. design of the sample
Sampling and Aulys;n?rr Atmospheres ‘i‘.‘fa’ﬁi di:;m m% o holder can be accommodated to the item under test.
Snb&anmc:mm lﬁz.::p on Quality Om‘n;ui”l P Jume 1991, Originaty Howevezr; for evaluation of filter medig, a circular test area of
Published 8¢ D 2986- 71. Last previous cdition D 298¢ 7, (978, 100 cm? 3 2 0 X

* Knudson, H. W., and White, Locke, Ens. USNR, *Development ofsmoke  flow resistance across the test piece. A wire screen may be
Ponctration Metess * 9f'v;nmv/ Research Laboratary Report Na, #2642, PB. No.  ‘used to sipport the sample, v

A . w . 5.6 Particle Size Analyzer (€)—Particle size in the aerosol
Media for A ier D aprena Pling* Proscediesr et of bty B indicated by the particle size analyzer. Th visual owl may

11221135, be used to verify the aerosol particle size, The electronic owl
13 ; l{.ugdnmlm Manual—m:;m:::‘r.s Filter Testing, DOP, Q127 136-300- is an adaption designed to remove the human factor; it has
ry} MWWDMMNJ“ASI‘“LM r l’ s, Vol 11,03, proven to be highly successful, Both instruments operate by
€ Avallable as “Flexor Plasticizer DOP® from Union Carblde Corp., Chemicals optical rotation of light Scattered at a 90° angle. P ammph
Divizion, New York, NY 10017,. 7.4 gives further detail for the optical owl,
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5.7 Scattering Chamber (f)—The scattering chamber is
used to determine concentration of aerosol either upstream
or downstream of the ftem under test. Further detail for g
typical chamber js given in 7.5, .

5.8 Photometer (8)—This is a combination of sensitive
multiplier phototube and meter, The multiplier phototube

mounts on the scattering chamber and light forward
scattered by any particles in the chamber. Further descrip-
tion of the photometer is given in 7.6,

5.9 Flowmeter (h)—'A float-type flowmeter (rotameter) is

used, capable of reading a_flow rate well in.excm of the

5.10 Exhayst -or Blower (i)—This can be cither 5
positive displacement bump or blower or a multistage
turbine-type blower, any case, there must be more than

(usually 85 L/min), _
3.1 Cleanup Filter (j)—This should be a filter of suffi-
ciently hj i d i to remove smoke from
m before it passes through the flowmeter. Aerosol
particles would ultimately affect the accuracy of the meter,

6. Procedure

6.1 It is necessary to have the equipment prepared and
calibrated in advance of any test work. Once prepared and in
adjustment, the equipment can be turned on at any time and
operated as long as desired ith only occasional minor

ji ent, Instruction for preparation and operation of
cach item of equipment ig given below,

6.2 Aerosol Generator—Turn on the air supply and heating
units of the DOP acrosol generator, Wait unti] the aerosol
output has been stabilized; usually this will require % h or
more from a cold start, Draw a portion of the aerosol
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through the particle size analyzer, verify the aeroso] particle
size, and adjust generator conditions until patticle diameter
is 0.30 um (by adjustment of quench ajr tem, ).

6.3 Adjustmen; ofPhotameter—-—Using the same flow rate
that will be used for the test specimen (usually 32 L/min
+2 % through 100 cm? of area + 2 % when testing filter
media), aerosol from the generator is passed directly through
the scattering chamber, Adjust the “Gain® potentiometer of
the galvanometer circuit in the photometer untit the meter
reads 1000,

6.3.1 Draw clean filtered .air through the scattering
chamber. Adjust for stray light so that the photometer meter
reads zero on the most sensitive scale,

6.4 Penetration Measuremem—Mount the sample to be
tested in the sample holder, making certain that g]] seals are
tight. Draw acrosol through the test specimen. Adjust flow

6.4.1 Read the photometer, Report the value as percent
DOP penetration, o

6.5 Flow Resistance—At the beginning of the penetration
test and-after the desired "OW rate has been established, the
manometer ig read, showing resulting pressure drop



———

ASTM DadaL 9]{ L 0759510 0077306 2 =

¢ b 2986

NoM R LrEPIECE-Q

LIGHT ; """‘;';Z,_.‘ /
1

N i ! ]
, scarrermg F i " ‘ ﬁ I -! '
TUSE~- A 8 - W : ""ifi"} A :
Co < =5 N ¢ p POLAROID ANALYZER

F TUBE - o

chamber and Sight-scatte tube tube
A—Smoke g ring -':—Pohold::y(u;m .
C--8moke outat ( apu"','m' “.“'“""’ Jaroid)
D—Light source port M—Polarold diso u‘ﬁnud In movable collar
B—Lunbmmbmofmmwmmkodwnba Hmwwmmbmmammmmmmm
mumwmmmmam o—um.sos:fmmuw o ot
elvet-ined cap on chamber P-—QGreen obtalning monochroma
H—S8kis am scatiering tube Q—Adjustable eyepiece
lmmm‘vdm * R—Lens !1 eyeplece
FIG. 2 “Qwi* particie Size Meter

P = DOP penetration, %, and 2 pot containing about 500 mL of DOP at about (70°C,
Ap = airflow resistance, mm of water, DOP vapor is carried from the container by a small heated

. airstream (about 215°C) and mixed with a larger stream of
7. Discussion of Equipment quench air (about 25°C) to form the aerosol particles. The

11 Availability—Although equipment for the DOP est is :;tabﬁsll:ledﬁustl bﬁm?l::nmeﬁe -i-a;: ﬁf;s;’,"‘};'
;‘r’o‘z:‘mz mblt?xemt?s: ‘:"’ m?luﬂeszl:;;dm i"’, g generated continuously; excess aerosol is disposed of away
. . vl h from the test area, ‘
;“1‘9""‘5 the metors aud myoorplex. “ﬁ‘y‘ﬁ;ﬁ*x gertain 29} OWi—A typical “Owl” is shown in Fig, 2. A reading of
details are available* but it is strongly recommended that -,:; Ll?hh?ca:l ?;dr:nt; o'séuh?m%?f%:)o light-scattering
putl:r_llgse be made of equipment from a professional fabri- chamber shown diagrammatically in Fig. 3 is an essential
ca72. Air Supply—Any roliablo sic source may be used thgt  COMPonent of the photometer system. Any airborne pasﬂctll:
P e o 0 o o 2 e e el i
! v ial air-line  Phototube (H), :
gﬁm :t.‘;;’;‘ﬁ;h"_:‘g& :;‘:y“(HEWP A) filter - irline 7551 Light from the lamp bulb flament (A) is focused at
7.2.1 For a mobile unit or where a compressed air line is the center of the light tube (E) by meanis of condensing l ense;_
not available, a blower can be used. A multistage blower, (B). An opaque patch.(D) cemented to the it}side facing o
turbine-type, is effective and will run continuously with veq; the condensing lens aporoepts any direct light from the
atle maintenance. An absolute (HEPA) type fitgs 1 v “‘?,“;";‘.I‘g the phototube, has  beveled edge. 1
customarily in the supply line to ensure that the air is viding & Loob Opening at (E) has a beveled edge, thus
entlrely clean, providing a kmfc.edge periphery to the opening. This is
7.2.2 In any Ccase, provision must be made to either cool ~ ;MPortant in keeping the amount of light scatter from this
or heat the air as conditions may require. Commercial heat  iluminated edge at a bare minimum. :
exchange equipment is satisfactory 7.53 Tgl;e every care to ens;xsre that only light ht"::rwl;a;:-
, . y ; scattered the test aerosol is seen by the phototube,
1.3 Aerosol Generator. The acerosol generator consists of Following are polnts requiring specia) a ttention:

——— 7.5.3.1 Optics must be accurately aligned with the optical
! Equipment suitable for the DOP test may be obtained from Alr Technology,  Xis. The light bulb filament image should be focused at the
Inc, 1717 Whitehead Rd, Baltimare, MD 21207, center of the light stop opening.
3
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FiG. 3 Light-Scattering Chamber—Schematic Section Showing Optical System

7.5.3.2 All lens surfaces must be perfectly clean; other-
wise, light scatter will result,

7.5.3.3 All lens cdges, especially if they are ground sur-
faces, should be painted with flat black.

7.5.3.4 No frosted or etched design or figure can be per-
mitted on the light bulb envelop facing the condensing lenses,

7.5.3.5 The sharp edge of the light stop must be free of
nicks, burrs, or even attached particles. :

7.5.3.6 Light bulb current must be supplied from a
voltage-stabilized circuit.

- 1.6 Photometer—Various types of photometers are in use.
In most, a Type 931A multiplier phototube is operated at
output currents below 30 pA to ensure stable operation, A
scale.switch permits the measurements down to 0.001 % or
0.000! % penetration of DOP smoke. :

8. Malintenance and Troubleshooting

8.1 When used routinely, the DOP test is reliable and
seldom presents any serious problems. Experience will soon
show the operator what steps must bo followed to maintain
fully satisfactory equipment performance. However, to assist
t}‘x}g neophyte especially, the following basic suggestions are
offered:

8.2 Daily Care;

8.2.1 Ascertain that the DOP liquid level or supply is
adequate,

8.2.2 Sce that all temperatures are correct and that
controls are functioning properly.

8.2.3 If supply air or quench air must be cooled, see that
the cooling water is turned on.

8.2.4 Check aeroso! particle size and make any adjust-
ments needed to maintain 0.3-um diameter.

8.3 No Aerosol Generation:

8.3.1 Make sure that air supply is working properly.

8.3.2 Seec that all heaters are on and working,

8.3.3 Check DOP level or supply.

8.3.4 Sce that both heated air and quench air are being
supplied and at the proper rates.

8.4 Particle Size Analyzer:

8.4.1 See that the analyzer lamp is lighted.

8.42 Make sure that aerosol is flowing through the
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instrument (exhaust blower or pump turned on and the
analyzer fine valve open).

8.4.3 See that connection tubes to the analyzer are not
pinched,

8.4.4 Adjust quench air temperature to attain correct
particle size,

8.5 Photometer Not Reading:

8.5.1 See that the lamp is lighted in the scattering chamber,

8.5.2 See that the amplifier is plugged in and operating.

8.5.3 Make sure that aerosol is flowing through the
scattering chamber (selector valve in “run” position and not
“purge”). -

8.5.4 Sec that multipler phototube is mounted on the
scattering chamber and that lead wires are connected in the
amplifier. .

8.6 Photometer Cannot be Adjusted for 100 % Reading:

8.6.1 Make sure that acrosol gencrator is operating prop-
erly. .

8.6.2 Make sure that multiplier phototube is propery ad-
justed

8.7 Photometer Cannot be Adjusted Jor Stray Light:

.7.1 The usual fault is excessive stray light in the scat-
tering chamber. Adjust position of the light- source (in-
strument manual) to attain minimum reading on clean air.

8.7.2 Ascertain that the amplifier is performing correctly,

8.7.3 Have the phototube and connecting leads checked.

8.7.4 Make sure there are no leaks into the filtered gir
supply line. Leaks will introduce particulate matter and
cause a meter reading.

8.7.5 If the problem persists, the source of stray light
sometimes can be detected by removing the multiplicr
phototube and looking into the scattering chamber. This
approach should be taken only by someone thoroughly
familiar with the equipment. .

9. Quality Control

9.1 Following are steps that can be taken to help ensure a
reliable bias and agrcement between laboratories:

9.1.1 Calibrated Orifice Plate~—Orifice plates arc available
with calibrations traceable to the National Institute of
Standards and Technology (formerly NBS). The plate is
inserted in the sample holder and used as a flowmeter against
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“which the instrument flowmeter is compared. For informa-
tion gegagding calibrated plates, inquire of the manufac-
turer.

9.1.2 Leaks in the system can be serious since they will
impair the accuracy of flow rate readings. Every precaution
must be taken to ensure tightness in lines, instrument filters,
and fittings. -

9.1.3 Reference Filter Paper—1It is convenient to have dn
hand a supply of high-efficiency filter paper that has been

Results may be plotted on a control chart to demonstrate
attainment of statistical control of the measurement
process.®

10. Keywords

10.1 atmospheric analysis; air assay media; collection
efficiency evatuation of filters; dioctyl phthalate, use for filter
evaluation; high efficiency filters; membrane filters; particle -
collecting devices; smoke test for filter evaluation

pretested and preferably cross-checked by at least one other
laboratory. An occasional test run on one of these filter * Taylos, Jobn K., “Quality Assurance of Chemical M " Lewis
samples will be reassuring and indicative that all is well, ruws:«yl:'lu..a.‘;;-.mam ¢ casuroments,
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